We investigated the localization of carbohydrate residues on the surface structures of microfilariae of Wuchereria bancrofa and Brugia malayi, using a panel of 10 different goldlabeled lectins and chitinase. The sheath, a structure that endoses the microfilariae, is not a homogeneous structure, presenting two dearly distinct layers. The outer layer is more electron dense and was not labeled with the lectins. The inner layer is less dense and was intensely labeled with lectins, especially those that recognize D-galactose and N-acetyl-D-
Introduction
Among infectious diseases, filariasis constitutes a very serious public health problem. It has been estimated that approximately 90 million people living in tropical and subtropical regions are infected with the lymphatic filariae Wgchereria bancrofii and Bmgza mafayi (World Health Organization, 1984) .
About 18 months after the initial infection by larval forms found in the invertebrate host, adult parasites located in the lymphatic vessels release microfilariae into the bloodstream. These forms reach about 200-300 pm in width and are enveloped by a thin sheath of embryonic origin. Previous studies have shown that the sheath is formed of at least four well-defined layers in U? bancrofiz (De Souza et al., 1989) and two layers in B. malayi. Beneath the sheath, it is sometimes possible to observe a space filled with granular material, probably secreted by the microfilariae. Surrounding the microfilariae is a cuticle that exhibits a membrane-like structure at its surface, known as the epicuticle.
It is evident that the two outer structures of the microfilariae, the sheath and the epicuticle, are of major importance in the host-parasite interaction. These structures may be involved in processes of immune evasion (Klonisch et al., 1991) and also may present important antigens that elicit the immunological response. Previous studies have shown that important filarial antigens contain carbohydrates, mainly as glycoproteins (Dissanayke et al., 1984; Ottensen, 1984) . Lectins have been widely used as probes for localization of carbohydrate residues in different biological systems. In the microfilariae of E? bancrofti, the presence of sugar residues has been shown by use of fluorescein-labeled lectins (Paulson et al., 1988; Rao et al., 1987) . This approach, however, does not permit the precise localization of the sugar residues. For the microfilariae of B. mal'ayz, there is a more detailed study using gold-labeled lectins and electron microscopy, which provided evidence for the presence of some residues (Schraermeyer et al., 1987) .
The present report describes the distribution of carbohydrate residues and the presumptive presence of NAcGlc polymers in thin sections of Lowicryl-embedded mature microfilariae of U? &amy% and B. mafayi, using 10 different gold-labeled Iectins and goldlabeled chitinase.
Materials and Methods

ParasiteJ
Brugia malayi microfilariae were recovered from peritoneal cavities of gerbils (Menones unguicuhtus) that had been infected approximately 6 months previously (MacCall et al.. 1973) . They were washed several times with 0.1 M PBS, pH 7.2, and purified on a Ficoll-Hypaque gradient (Gusmao et al., 1981) .
Wuchereria bancrofiimicrofilariae were isolated from the blood of patients with high microfilaremia (above 5000 microfilariae per ml of blood) who lived in Olinda, Pernambuco, Brazil. The blood was collected the night before treatment of the patients was started and was filtered through a 25-mm polycarbonate membrane with a pore size of 5 pm (Nuclepore; Pleasanton, CA). The parasites were then released from the filter by immersion in PBS.
Both kinds of parasires were fixed for 2 hr at 4'C in a solution containing 2% paraformaldehyde and 0.1% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.2. After fixation. they were washed in PBS and dehydrated at progressive lower temperatures in 30-90% methanol. The infiltration was done in Lowicryl K4M at -20°C for 4 days, and polymerization was performed under ultraviolet light at -20°C for 7 days (Bendayan er al., 1987) .
Cytochemicd L a b e h g
Lectin Binding Sites. Silver thin sections collected on 400-mesh nickel grids were blocked for 1 hr at room temperature in PBS. pH 7.2, containing 1.5% bovine serum albumin and 0.01% Tween-20 (PBS-BSA-TW). Sections were then treated for 1 hr with the following gold-labeled lectins (1:5 dilutions): RCA, PNA, WFH, UEA-I. WGA. GS-11. GS-I B4 in PBS-BSA-TW, pH 7.2. After incubation the grids were rinsed in distilled water. stained with uranyl acetate and lead citrate. and observed in a Zeiss EM 900 or JEOL IOOCX transmission electron microscope. For localization of LFA and ConA binding sites. after blocking the sections were incubated in the presence of LFA or ConA (100 pglml) in PBS, pH 7.2. This was followed by a rinse in PBS and incubation in the presence of gold-labeled horseradish peroxidase (1:25 dilution) or gold-labeled fetuin (1:SO dilution) in PBS, pH 7.2, for detection of ConA and LFA binding sites, respectively. After labeling the sections were processed as described above. Controls consisted of addition of 200-300 mM of specific competing monosaccharides to the incubation solution. Some grids were also incubated in the presence of gold-labeled peroxidase or gold-labeled fetuin without previous lectin incubation.
Enzyme-Gold Cytochemistry. Chitinase binding sites were detected after incubation of thin sections in the presence of PBS-BSA-TW, pH 6.1. for 1 hr at room temperature and then in the presence of chitinase-gold complex (1:lOO dilution) in PBS. pH 6.1, for 1 hr. This was followed by a rinse in water and staining with uranyl acetate and lead citrate (London0 er al., 1989; Bendayan et al., 1984) . As controls. the sectionswere incubated (a) in the presence of heat-inacrivated gold-labeled enzyme or (b) in the presence of gold-labeled enzyme in PBS. pH 8.0.
Materials were obtained from the following sources. Chirinase from Streptomyces griseus (C 1525 Lot 39F4012), fetuin from fetal calf serum Type IV (F3004, Lot 91F-9535). Canavalia enrifonnir lectin Type IV (ConA) (C 2010, Lot 71F7190). B. simp/icifo/ia lectin II (GS-11) (L2380, Lot lliF4010).
Helixpomatia Iectin (HPA) (L3382. Lot 121H3778). lectin from Ricinus communis agglutinin (RCA) 120 (L7886, Lot 98F4013). Piticum vulgaris lectin (WGA) (L1005, Lot 33F9605). and horseradish peroxidase Type I1 were from Sigma (Sr Louis, MO). Arachis hypogaea (peanut) lectin (PNA) was from Vector (Burlingame, CA; Lot 76706). Griffonia simplicifolia Iectin I (GS-I) (NC L2402-1, Lot 090827B1014). Limaxflavus lectin (LFA). Wisterzaflorabunda lectin (WFH) (NCL3IOl-1, Lot 091015CO415). and (Ilex europaeus agglutinin I (UEA-I) were from EY Labs (San Mareo. CA). Tetrachloroauric acid was from Merck (Darmsradt, Germany). Specific monosaccharides were all obtained from Sigma.
Lectins and chitinase were labeled with gold particles according to Rorh (1983) and Bendayan et al. (1987) .
The intensity of labeling was evaluated by analysis of a large number of micrographs and was classified as either intense labeling. represented by + +, or moderate labeling, represented by + (see Fgures 2 and 4 as examples, respectively).
Results
As discussed previously, the sheath of microfilariae of K bancrofii and B. malayi covers the entire body of the parasite. In Lowicryl- embedded specimens at least two regions of the sheath could be identified: the outer sheath, which is made of electron-dense material, and the inner one, which is less dense (Figure l) . The appearance of sheaths that are isolated from the microfilariae body (Figures 2 and 3 ) is very common in our preparations and may be a result of manipulation of the parasites. In the present study, thin sections of Lowicryl-embedded microfilariae were incubated in the presence of several gold-labeled lectins with specificities for various sugar residues, as indicated in Eble 1. None of the gold-labeled lectins bound to the most electrondense outer face of the sheath of the microfilariae of both species. On the other hand, most of the lectins used bound to some extent to the inner portion of the sheath, as described below. For K bancrofti, the inner surface of the sheath of mature microfilariae exhibited intense labeling with the RCA and GS-I (Figures 2 and  3, respectively) , whereas only moderate labeling was observed with PNA ( Figure (Figure 13) and GS-I.
In all cases where lectin labeling was observed, addition of 200 mM of the corresponding monosaccharide to the incubation medium totally prevented binding of the gold-labeled lectins to the sheath or the cuticle. Incubation of thin sections in the presence of gold-labeled horseradish peroxidase or gold-labeled fetuin did not label the microfilariae.
Gold-labeled chitinase intensely labeled the cuticle of microfilariae of U? bancrofti (Figure 8 ). In the case of B. malayi, moderate labeling of the cuticle was observed (not shown). The sheath was not labeled. No labeling was observed when incubation was performed at pH 8.0 or when heat-inactivated enzyme was used.
Discussion
Our present cytochemical observations indicate that the sheath of the microfilariae of K bancrofti and B. malayi is not a homogeneous structure, confirming previous morphological observations ( De Souza et al., 1989; Zaman, 1987) . Transmission electron microscopy of thin sections of glutaraldehyde-and osmium tetroxidefixed and Epon-embedded parasites, showed that the sheath of U? bancroftiis formed by four distinct layers (De Souza et al., 1989) . However, only two layers could be visualized in microfilariae of B.
malayi (Tongu, 1974) . In the case of Lowicryl-embedded parasites only two layers could be clearly identified in both species.
Using a panel of ten gold-labeled lectins no carbohydrate residues were found in the outer layer of the sheath, confirming previous observations carried out in B. malayi (Schraermeyer et al., 1987) . Previous studies using cationized ferritin particles have shown that a large number of anionic groups are exposed on the outer face of the sheath (De Souza et al., 1989) . Our present observations using Limax flavus agglutinin, which recognizes sialic acid, suggest that this molecule does not contribute to the anionic nature of the microfilariae surface.
Data obtained using fluorescein-labeled lectins have been taken as indicative of presence of carbohydrate residues on the microfilariae surface (Paulson et al., 1988; Rao et al., 1987 Rao et al., ,1988 Devaney, 1985; Kaushal et al., 1984; Furman and Ash, 1983a,b) . In view of the observations made by electron microscopy, it appears that such labeling reflects interaction of the lectins with the inner layer of the sheath rather than with the outer layer. Indeed, our present observations show that a large number of gold-labeled lectins bind to the inner layer of the sheath of microfilariae of K bancrofti and B. maiayi. The labeling was intense with lectins such as RCA, PNA, GS-I, and HPA, which recognize D-galactose and N-acetyl-Dgalactosamine residues. Although the same pattern of labeling for the microfilariae of both species was observed, small differences were noted. For example, UEA-I, which recognizes fucose, binds The general appearance of the inner layer of the sheath resembles that of the basement membrane found in vertebrate tissues. The general pattern of labeling with some lectins is also similar, especially in the case of lectins that recognize D-galactose and N-acetyl-D-galactosamine residues (Honda et al., 1990; Bendayan et al., 1990; Palmer and Bale, 1987) . Klonisch et al. (1991) recently isolated the sheath of microfilariae of B. mafayi and found that it is rich in D-galactose and N-acetyl-D-galactosamine.
With regard to the cuticle, studies carried out in nematodes have shown that it is a collagen-rich structure. Our present observations using lectin labeling show that fucose and D-galactose, recognized by LJEA-I and RCA, are present in the cuticle of both species. However, differences were observed in the labeling pattern of the microfilariae of lt? bancrofti and B. mafayi. For example, ConA, PNA, and HPA, which label the cuticle of lt? bancrofti, do not bind to the cuticle of B. malayi. In contrast, WFH labels the cuticle of B. mafayi but not that of lt? bancrofti. These observations indicate that the chemical composition of the cuticle of nematodes may vary according to the species, although all of them show the same basic morphological appearance.
Gold-labeled enzymes have been used as an important cytochemical tool to localize the corresponding substrates in thin sections of Lowicryl-embedded cells (reviewed in Bendayan, 1984) . Using gold-labeled chitinase, we observed intense labeling of the cuticle of microfilariae of lt? bancrofii but only moderate labeling in B. mafayi. This probably reflects differences in the topochemical organization of the cuticle of these two species. This observation is in agreement with those reported by Schraermeyer et al. (1987) in B. mafayi, using gold-labeled chytosan and WGA. It is important to point out here that gold-labeled chitinase did not bind to the sheath, indicating that chitin is not a component of this structure.
Some of the gold-labeled lectins also bound to the space between the cuticle and the sheath of the microfilariae, especially in B. malayi, in which this space was more evident. It is possible that this labeling is due to the presence of carbohydrate-containing molecules secreted by the microfilariae. Recent immunocytochemical observations have shown that parasite antigens are secreted and may be found within this space (Souto-Padrh et al., in press ).
